The objective of the study was to investigate the effects of dietary inclusion of humic acid and enzymes on bone development, histomorphology of internal organs and the incidence of rickets in broiler chickens fed canola-based diets. In the study, Cobb 500 broiler chicks were used and the following five dietary treatments were administered: control (commercial diet); CM (17.5% canola meal inclusion); CMEnz (17.5% CM inclusion + 0.3g/kg Axtra XAP); CMPh (17.5% CM inclusion + 1.5% potassium humate (PH)); and CMEnzPh (17.5% CM inclusion + 1.5% PH + 0.3g/kg Axtra XAP). These diets were formulated and randomly allocated to 20 pens (experimental units), each housing 11 birds. The birds were phase fed, with the starter diet being given to all birds from day 1 to day 14. During the grower (days 15-28) and finisher phases (days 29-42) birds were fed the experimental diets. Diet differed significantly across all treatments on latency-to-lie (LTL) test. Broilers fed CMEnz had the lowest standing persistence (2.88 ± 2.69 min) and those on CMEnzPh had the highest (11.19 ± 2.69 min), followed by those offered the control diet (9.05 ± 2.69 min). Gross lesion analysis displayed high prevalence of rickets in boilers fed CMEnz diet compared with all other dietary treatments. Intestinal morphometric parameters demonstrated some dietary differences in the height and width of the intestinal villi and intestinal crypts. In conclusion, inclusion of humic acid in canola-based diets appeared to positively influence digestion and assimilation dynamics that were consequential to the improvement in bone and immune development in broilers. ______________________________________________________________________________________
Introduction
In broiler chickens selection for rapid growth over a short production cycle has inadvertently resulted in high incidences of immune deficiency and bone disorders such as tibia dyschondroplasia, rickets and associated valgus-varus deformities leading to lameness (Flemming, 2008; Dinev, 2012) . Bone conditions related to weakness of legs have been identified as severe problems in broiler chickens, which grow really fast, causing low economic profits because of lower productive efficiency, which is brought about by mortality and culling, and raising concerns about the welfare of the chickens (Dinev -Feria et al., 2014) .
The rapid growth over a short production cycle has been achieved through use of high-quality nutrient sources and commercial growth promotants. Nevertheless, high value nutrient sources, such as soybean meal, are becoming expensive and inaccessible to many poultry producers. Potential alternatives, such as canola meal (CM), have been explored although their use has been limited by the high fibre content and low feeding value compared with soybean meal (SBM) (Wickramasuriya et al., 2015; Ivarsson & Wall, 2017) . Nevertheless, the inclusion of enzymes and organic acids, such as humic acids, has been observed to improve the digestibility of poor protein sources such as CM, promoting the effective release of nutrients and other elements that influences the general health of chickens (Luckstadt & Mellor, 2011; Khan & Iqbal, 2015) .
The inclusion of exogenous enzymes in poor nutrient sources may ensure effective release and assimilation of nutrients and minerals in the gut, stimulating efficient nutrient utilization and, more importantly, promoting active bone growth (Ozturk et al., 2010; Kim et al., 2017) . On the other hand, organic acids, including humic acids, have variable physical and chemical properties that allow them to influence gastronomic functions of feed in poultry. Humic acid has the potential to induce intestinal morphological alterations, stimulate changes in intracellular divalent calcium levels, and act as dilators, increasing mucosal and cellular permeability (Pizzari et al., 2000; Johnsson et al., 2015) . Increased permeability allows easier assimilation of minerals from the gut and their transfer from blood to the bone and cells, resulting in effective bone development (Stepchenko et al., 1991; Dinev, 2012) . Like other organic acids, humic acid may play a significant role in the development of immune organs, particularly the bursa of Fabricius and thymus, which are the major components of the avian immune system (Abdel-Fattah et al., 2008; Ghazala et al., 2011) .
Studies have been conducted on the effects of enzymes and humic acid salts on nutrient utilization and growth performance in poultry and some animal species. However, information on the influence of enzymes and humic acid salts inclusion in canola-based diets on organ and bone development in broilers is scarce. This study was therefore conducted to determine the influence of potassium humate and exogenous enzyme inclusion on intestinal histomorphology, bone and immune development, and incidents of rickets in broiler chickens fed canola-based diets.
Materials and methods
The study was conducted at North-West University Experimental Farm. A total of 220 day-old chicks (Cobb 500) were randomly allocated to 20 pens (each pen measuring 3.5 x 1.0 x 1.85 m and housing 11 birds) designed to meet the animal welfare standards for optimum production of broilers. Five dietary treatments were formulated and randomly allocated to the 20 pens (experimental units) in a completely randomized experimental design. During the first three days of brooding, the ambient temperature in the broiler house was kept between 32.5 and 33 °C, but was gradually reduced, reaching 26 °C at 14 days of age. Stress packs were given to the chicks for three days. The birds were phase-fed, starting with the provision of starter ration to all the birds from days 1 to 14. Experimental diets were offered only during the grower (d 15-28) and finisher (d 29-42) phases. Water was provided ad libitum. The experimental procedures were approved by MAREC Animal Research Ethics Committee of North-West University (Ethics number NWU-00516-16-S9). No mortalities were recorded over the period of study.
The five experimental diets were formulated according to the commercial feed formulation standards to meet the nutrient requirements for the grower and finisher phases (NRC, 1994) . The control diet was a commercial diet whose major protein source was 100% soybean (SBM), while the other four diets contained canola meal (CM) at 17.5% inclusion. Five dietary treatments were formulated as follows: i) Control (commercial broiler diet); ii) CM (17.5% canola meal inclusion); iii) CMEnz (CM + 0.3 g/kg Axtra XAP); iv) CMPh (CM + 1.5% potassium humate (PH)); and v) CMEnzPh (CM + 1.5% PH + 0.3g/kg Axtra XAP). The 17.5% canola inclusion was the maximum rate possible for formulation of a balanced broiler diet, while the inclusion level of enzymes was the recommended level provided by feed companies for ingredients such as canola, which are poor protein sources that contain high fibre. The inclusion level of potassium humate was derived based on the ranges from the literature (Ozturk et al., 2012; Ragaa & Korany, 2016) . Ingredients and dietary formulae are shown in Table 1, and Table 2 shows the nutritional compositions of the diets. Nearinfrared reflectance spectroscopy was used to determine the proximate composition of the diets.
In terms of the standing persistence of broilers at day 35, four chickens per replicate were exposed to the LTL test, which measures standing persistence, as described by Berg & Sanotra (2003) . This test is established on the concept that body interaction with water is a novel experience for broiler chickens. In brief each bird was placed in a plastic container containing 3 cm water at 32 °C. The time until each bird sat down was recorded, according to the principle that the better leg health the broiler had, the longer it would stand up to avoid body contact with the water. If the chicken was still standing after 600 seconds, which is equivalent to 10 minutes, the test was interrupted, and the legs were judged to be strong and healthy.
Tibia gross lesion analysis was conducted to assess the prevalence of rickets in broilers from various dietary treatments. At necropsy on day 42, five tibiae per treatment were obtained for gross lesion assessment. The muscles around the tibia were carefully removed, then the proximal end was dissected with very sharp scalpel to expose the epiphyseal plate. The growth plates of the tibia bones were examined visually for gross lesions.
In terms of tibia linear parameters and bone breaking strength at necropsy on day 42, six right tibiae from each replicate were surgically removed, de-fleshed and cleaned of all tissue, including cartilage caps (periosteum) by hand, and weighed to obtain the tibia weight, tibia diameter proximal end, tibia width diameter tibia length diameter and tibia diameter distal end were determined using a Toshiba-Rotanode xray (Toshiba Electron Tubes and Devices, Tochigi, Japan) connected to the point-of-care (CR140) system for digital imaging. After linear measurement, each of the tibiae was placed on an adjustable three-point bend/snap fixture fitted on a heavy-duty TA-XT platform of a texture analyser (model TA-XT plus, Stable Microsystmems, Surrey, UK) and broken with a 6-cm flat head probe attached to a 50-kg load cell reporting the breaking force in Newtons. The distance between the bone supports was 50 mm. The breaking bone strength was recorded as the peak load before the bone breakage. For the histomorphology of internal organs based on random sampling, six tissue samples per replicate were obtained for histological examination of the bursae of Fabricius, thymi and sections of the small intestines (duodenum, jejunum and ileum) and the caeca. These tissue samples were thoroughly washed with chilled phosphate buffer (PBS) (pH -7.2). Intestinal segments measuring 1 cm in length were then dissected and fixed on cork lamellae. They were washed again with PBS buffer to eliminate intestinal contents and placed in cold 10% buffered and neutralized formalin. Thereafter, the samples were embedded in paraffin and then micro samples with a thickness of approximately 4 μm were obtained and stained with haematoxylin and eosin (H / E). The various intestinal morphometric measurements were then determined using a light microscope (OPTIKA B-500, OPTIKA SRL, Ponteranica, Italy). The parameters included the height and width of the intestinal villus and width of the crypts. 
Where: Y ijk = response variables μ = population mean D i = effect diets ε ijk = random error assumed to be normally and independently distributed For all statistical tests, statistical significance was declared at P <0.05.
Results
Diet differed (P <0.05) across all treatments on latency-to-lie test (Table 3 ). In comparison with those fed the control diet, broilers fed CMEnz and CM diets had lower standing persistence. The highest standing persistency was observed in the birds fed CMEnzPh diet (11.19 ± 2.69 min).The effects of potassium humate and enzyme complex inclusion in canola meal diets on tibia bone parameters are also presented (Table 3) . Diet had no effect on tibia biomechanical parameters. High amounts (P <0.05) of calcium (Ca) and phosphorus (P) were observed in the control and CMPh treatment groups (Table 4) . However, the two treatments had the lowest Ca:P ratios. CMPh diet was observed to be a good source of potassium and magnesium as it had the highest values for the two elements.
Results on the gross lesion analysis and incidence of rickets showed that broiler chickens in the control treatment had a mix of long and short tibiae, where longer tibia bones indicated the normal bones, while the short tibia bone indicated the presence of rickets in bones. Moreover, the white stroma of the tibia bone from broilers in the control was enlarged compared with the normal bone. The proximal metaphyseal region of the bones also varied with differences of between 2 mm and 3 mm. Furthermore, the difference in the redness of the tibia bone marrow was not distinguishable, showing a lack of clear transition between the hypertrophic and proliferative zones. The tibia bones of broilers fed CM showed abnormal conversion of organic material in the bone mass, with the white stroma revealing a transition of the proliferative zone of the growth plate into a curve-shaped projection. This observation could be because of disproportionate amounts of calcium and phosphorus in the diet. The tibiae from broilers in CMEnz, CMPh and CMEnzPh diets showed gross lesions associated with rickets, manifested by the enlargement of the proximal metaphysis. The proliferative region also showed a curved deformation and the transition between the hypertrophic and proliferative zones was irregular. This was a clear sign of leg weakness, which could cause fracture of the bones. Broilers in CMEnz showed more signs of bone abnormalities compared with all other treatments. Microscopic analysis of the intestinal tract of the broilers showed desquamated processes in mild to moderate degrees, affecting the apical part of the intestinal villi, which were prevalent in broilers from the control and CMEnzPh groups. However, in all dietary treatments traces to mild manifestations of mucosal hyperaemia and sub-mucous oedema were observed. The results on intestinal morphometric parameters demonstrated some differences in the height and width of the intestinal villi and in the width of the intestinal crypts (Table 5) . The values of these three parameters showed some significant variations (P <0.05) across (Table 5) . Examination of organs of the central immune system (thymus and bursae of Fabricius) revealed some variation in the density of lymphoid tissue build-up in their structural elements. In CM and CMEnz chickens, well-established uniformly distributed and well-defined density of lymphoid tissue in the peripheral and central follicles building parenchyma organs was observed. Nevertheless, chickens in the control had some reduction in thymic volume units and the follicles of the bursa of Fabricius, in the cortical and in the core regions. The central follicles in these cases were characterized by poorly pronounced density of lymphoid tissue (light area). 
Discussion
The LTL test as described by Weeks et al. (2002) is a prominent method that was developed to measure standing persistence, which is an indirect measure of bone development and bone strength in broilers. Water as an aversive stimulus has been shown to provide avoidance motivation, resulting in broilers with strong bones being able to stand for 600 seconds, whereas those with poor bone development might succumb to their weight and sit down sooner (Berg & Sanotra, 2003; Yang et al., 2016 ). In the current study, broilers that had humic acid in their diets had the highest standing persistency, while those fed a diet with enzyme complex only had the weakest bones. The longer standing persistency in broilers fed diets with humic acid could be a result of the high amounts of minerals in canola diets, coupled with the actions of humic acid in stimulating mineral assimilation dynamics in the gut and transfer of blood to the bone and cells, allowing for development of stronger bones (Stepchenko et al., 1991; Ghosh et al., 2016) .
Generally, gross lesion analysis of the tibiae revealed clear evidence of subclinical rickets in broilers from all treatments, although CMEnz was affected more. This was attributed to the disproportionate amount of Ca and P in the diets. However, it could not be established in the current study whether the rickets were hypocalcaemic or hypophosphataemic. As observed in other studies, the type of rickets could not be determined owing to insufficient intensity of lesion occurrence in the bones (Dinev, 2009; 2011) . Rickets are normally manifested as a result of dietary calcium (Ca), phosphorus (P), and vitamin D3 deficiency, impaired Ca/P ratio and impaired absorption of one or both of these macro-elements (Dinev, 2011) . Erroneous feed mixing has also been shown to provoke outbreaks (Riddell, 1992) . In both forms, namely hypocalcaemic or hypophosphataemic, the proper calcification of cartilage is impaired. In the current study, it appeared that the lesions were not severe to the level of causing lameness in all treatments, including CMEnz, which had the highest incidence of subclinical rickets.
The observed transition of the proliferative zone of the growth plate into wedge-shaped projections in most of the tibiae was consistent with observations on broilers affected by rickets, as reported in other studies (Dinev, 2012) . The age at which lesions are usually prevalent in chickens is around 35 days. This period is associated with intensive muscle growth. Hence, cumulative weight may also be used to predict lesions (Dinev, 2012) . Moreover, mineralization during this period may affect bone strength in that it allows the skeleton to resist gravity and additional loading (Boivin & Meunier, 2002) .
Although no differences were observed with regard to tibia bone parameters, a marginal increase in these measures was observed with the inclusion of canola meal and humic acid in the diets. Tibia biomechanical characteristics -such as bone breaking strength, bone density, bone mineral content and bone ash (Kwiecień, et al., 2016; Kim et al., 2017) are usually used as indicators of mineral adequacy in broiler diets. In the current study, the marginal increase in the parameters could be owing to the increased availability of Ca and P provided by canola in diets. Moreover, this could be attributed to the ability of humic acid to increase the degree of mineralization of the bone matrix (Stepchenko et al., 1991; Nkukwana et al., 2014) . Generally, lack of specific mineral such as Ca and P in the diets can result in poor bone development (Selle et al., 2007; Kwiecień et al., 2016) . The results of the current study suggest that bone breaking strength, bone density, bone mineral content and bone ash may be sensitive indicators of dietary Ca and P levels in broiler chickens (Hall et al., 2003; Venalainen et al., 2006) . Furthermore, according to Talaty et al. (2009) , insufficient dietary sources of Ca can result in blood hypocalcaemia, which may lead to reduced bone strength and mineralization. Calcium and phosphorus play an intrinsic role in the structure and metabolism of bone. Phosphorus also plays an intrinsic role in energy accumulation.
Good gut and intestinal health in broiler production is critical for optimization of feed utilization efficiency and ultimately growth rates. In the current study, the inclusion of canola meal and PH had minimal effects on gut mucosa, as highlighted by trace manifestation of mucosal hyperaemia and sub-mucosal edema, which was consistent with all dietary treatments. Nevertheless, the inclusion of canola and PH in diets significantly increased the intestinal morphometric parameters of the broilers. Generally, PH inclusion in diets has been observed to induce intestinal morphological modifications, increasing the mucosal and cellular permeability (Stepchenko et al., 1991) .
The results of the study are consistent with findings from other studies, which demonstrated an increase in villus height and crypt depth with the inclusion of organic acids in broiler diets (Kum et al., 2010; Rodríguez-Lecompte et al., 2012) . The trophic effect of the organic acids such as humic acid could be significant in stimulating the proliferation of normal crypt cells, enhancing healthy tissue turnover and maintenance (Leeson et al., 2005; Panda et al., 2009) . Moreover, the presence of humic acid and secondary plant metabolites in canola may reduce bacterial colonization of the intestinal mucosa and facilitate increased efficiency of metabolic processes, as observed in other studies (Khan, 2013) .
The bursa of Fabricius and thymus are central lymphoid tissues, peculiar to chickens, which are involved in immune response. Although some variation in the density of lymphoid tissue build-up in their structural elements was observed among the treatments, the inclusion of canola and humic acid in the diets appeared to improve the distribution and density of lymphoid tissue in the peripheral and central follicle building parenchyma organs in birds fed CM and CMEnzPh diets. This is significant because it indicates enhanced immune response in boiler chickens, as observed in other studies (Bahadori et al., 2017) . Several studies have demonstrated the importance of organic acids such as humic acid in the immune response of birds. Abdel-Fattah et al. (2008) , Ghazala et al. (2011), and Houshmand et al. (2012) observed that birds fed an organic acid-supplemented diet had heavier immune organs (bursa of Fabricius and the thymus) and a higher level of globulin in their serum, which is an indicator of immune response. Although broiler chickens in the control had some reduction in thymic volume units and the follicles of the bursa of Fabricius, this was not a manifestation of lymphocytic depletion of the thymus and bursa of Fabricius.
Conclusion
The results from the study showed that inclusion of humic acid in canola-based diets can positively influence bone and immune system development. Inclusion of enzyme alone resulted in broilers with the lowest standing persistence and a high prevalence of the bone abnormalities associated with rickets. Inclusion of humic acid and enzymes stimulated the growth of intestinal villi. Humic acid inclusion in diets was shown to improve distribution and density of lymphoid tissue in the peripheral and central follicle building tissues of the bursae of Fabricius and thymus, and thus had a positive influence on the immune development. Therefore, inclusion of humic acid in canola-based diets appeared to positively influence digestion and assimilation dynamics that were consequential to the improvement in bone and immune development in broilers. When all these results are evaluated generally, it is suggested that humic acid and enzymes that positively influence digestion and assimilation could be added to canola-based diets.
